In a previous report (6) we described a purification procedure for the dextransucrase (EC 2.4.1.5) activity from Streptococcus mutans strain 6715. Studies with purified enzyme demonstrated that the Michaelis contant for sucrose was 3 mM and that fructose competitively inhibited the enzyme reaction (Kg -27 mM). Polyacrylamide gel electrophoresis and in situ assay of highly purified enzyme preparations revealed the presence of two activities in the approximate ratio of 1:10. During these studies we noted (6) that in order to obtain rapid dextran synthesis with purified enzyme preparations, a primer dextran must be included in the reaction mixture. Although other investigators have briefly mentioned the stimulating effect of added dextran on the reaction rate of the dextransucrase from S. mutans (16) and S. sanguis (5, 19) , this observation has not been further analyzed. In this communication we describe the effects of primer dextran on enzyme preparations at various stages of purification and report on the stability, primer size requirement, and carbohydra -content of this enzyme.
MATERIALS AND METHODS Bacteria and media. S. mutans strains 6715 and GS-5 were obtained from the Forsyth Dental Center, Boston. Strain S-19 is a mutant of 6715 that produces elevated levels of dextransucrase. This variant was isolated in our laboratory from an ultraviolet-treated culture. Bacteria were grown anaerobically in Trypticase soy broth (BBL, Cockeysville, Md.) supplemented with 0.5% yeast extract (Difco, Detroit, Mich.), 2% glucose, and 0.1 M KPO4 buffer, pH 6.8 (6) . Cell-free culture supernatant fluids were prepared as before (6) .
Dextransucrase assay and purification. Enzyme activity was estimated by measurement of the synthesis of radioactive methanol-insoluble dextran from [U-I4C]sucrose as previously described (6) . Reaction mixtures contained (final concentrations): 50 mM sodium acetate buffer, pH 5.5; 7 mM NaF; 20 mM total sucrose containing about 7 mM [U-'"C]sucrose (3.35 Ci/mol); and a source of enzyme. Primer dextran was included in the appropriate situations at the concentrations given in the text. Under our conditions, levansucrase activity in culture supematant fluids of strains 6715, S-19, and GS-5 is only detected after 4 h of incubation (unpublished data), thus, since our experiments with culture supernatant fluids were of short duration (up to 2 h), radioactive polymers that were synthesized were exclusively dextran. Purification of dextransucrase from culture supemates of glucose-grown cells involved ammonium sulfate precipitation, hydroxylapatite chromatography, and isoelectric focusing (6) . The ammonium sulfate step separated dextransucrase from levansucrase (6) . Polyacrylamide gel electrophoresis and assay of dextransucrase in such gels has already been described (6) .
Protein was measured according to Lowry et al. (15) by using bovine serum albumin as a standard. The carbohydrate content of dextransucrase preparations was estimated by the method of Dubois et al. (7) .
Isomaltodextrins. Full details of the partial acid hydrolysis and paper chromatography of commercial dextran will be described elsewhere (G. Germaine, C. Schachtele, and A. Chludzinski, J. Dent. Res., in press). Briefly, dextran at 50 mg/ml was hydrolyzed for 45 min at 100 C in 0.3 N H2SO4 (28) and the products were separated by column chromatography (2.6 by 70 cm) on G-25 Sephadex (fine) using water as eluant. Samples (15 jAliters containing 8 to 13 gg of reducing equivalents) of the Sephadex fractions were applied to Whatman no. 1 paper and developed with a descending flow of ethylacetate:pyridine:water (10:4:3, vol/vol) (29). Sugars were visualized with a AgNO,-NaOH spray reagent (12) . The degree of polymerization (DP, glucose residues/isomaltodextrin molecule) of isomaltodextrins was determined by comparison of total hexose residues (7) and reducing residues (22 Dextran stimulation of purified dextransucrase. Ammonium sulfate precipitation of dextransucrase from strain 6715 culture broths, followed by dialysis, preserved dextranindependent enzyme activity (open circles, Fig.  2a ). Dextran-independent activity, however, was lost upon passage through hydroxylapatite (HA) (Fig. 2b) . HA enzyme was almost totally dependent upon the presence of dextran for activity (solid circles, Fig. 2b ). Dextranindependent activity was not restored by including in the reaction mixtures the other protein fractions (singly or in combinations) which were eluted from the same column. HA enzyme was then subjected to isoelectric focusing (IEF) and dialyzed (6). Final purification was over 1,500-fold. Enzyme activity is shown over an extended period of time (6 h) in Fig. 2c . Note that dextran synthesis in the absence of primer (open circles) was eventually detected but proceeded at a very low rate. The inset to Fig. 2c is a replot of the enzyme activity assayed in the absence of exogenous dextran on an expanded ordinate scale. Note the apparent autocatalytic increase in the rate of synthesis, especially after 3 h. This may reflect auto-priming of activity by endogenously synthesized dextran (i.e., product). In some enzyme preparations, the apparent auto-priming commenced after 1 to 2 h of incubation and increased exponentially (unpublished data). The rate of dextran synthesis, however, never attained the exogenously primed rate.
Stimulation of dextransucrase activity is limited to dextran (Table 1) . Other glucans (glycogen and amylose) and a fructan (inulin) were without effect when tested with HA enzyme. Isomaltose was similarly ineffective. Maximal stimulation of activity required from 2 x 10-5 to 6 x 10-5 M dextran (molecular weight of 10,000) with 50% of maximal stimulation occurring at 2 x 10-6 to 3 x 10-6 M dextran (Fig. 3) .
S. mutans dextransucrase preparations contain two activities which were detected by polyacrylamide gel electrophoresis followed by in situ assay (6) . The major activity accounted for 75 and over 90% of the total activity in HA and IEF preparations, respectively. In situ (Table 2 ). This fraction contained predominantly isomaltooctaose (as judged by paper chromatography) but also had sufficient amounts of higher isomaltodextrins to give an average DP of about 12. The priming ability of each fraction was estimated with GS-5 enzyme (Fig. 5) . Primer activity commenced with a DP of about 8. The level of priming activity shown by unhydrolyzed dextran was attained by the fraction with a DP of 23. The final concentrations of added carbohydrate from each Sephadex fraction in the reaction mixtures were all in 10-to 50-fold excess (Table 2) as judged by the saturation levels for unhydrolyzed dextran (Fig. 3) . The (17, 20) have also indicated that glucose-grown S. mutans cultures contain small amounts of dextran. It was suggested that both tryptic soy broths (20) and glucose (17) contained low levels of sucrose. We have also found that yeast extract may contain sucrose, since aggregation of freshly inoculated cultures was reduced when this component was omitted from our medium (unpublished data).
S. mutans dextransucrase is stable to extended storage as evidenced by assay in the presence of primer dextran (Fig. 1) . Thus, the apparent decrease in enzyme activity, as evi- denced by assay in the absence of primer dextran, clearly is not a result of loss of dextransucrase but rather most probably due to the storage instability of endogenously present dextran which acted as primer. Since many S.
mutans strains, including 6715 and GS-5, produce a dextranase activity during growth on glucose (23) , storage instability of such endogenous priming dextrans may result from degradation by dextranase to a size which precludes functioning as a primer. When the S. mutans dextransucrase is precipitated with ammonium sulfate and passed through HA the enzyme becomes primer dependent (Fig. 2b) . As mentioned previously (6), HA is known for its ability to adsorb dextrans (21) and thus this step in purification probably removes dextran which was previously associated with the enzyme.
Analysis of the homogeneous dextransucrase preparations from polyacrylamide gels (Table  3) revealed the presence of 32 and 38% carbohydrate in the major and minor enzyme bands. Since it is clear that the HA step removed dextran capable of functioning as primer (Fig.  2) , our results are in agreement with the recent suggestion of Scales, Mazza, and Edwards (Bacteriol. Proc. 1973, p. 188) that carbohydrate detected in S. mutans dextransucrase is not dextran. We have not as yet obtained sufficient quantities of the major and minor enzyme activities to identify the carbohydrate portion of the enzyme and to determine whether the carbohydrate is actually covalently attached to the enzyme or simply just carried through the purification procedure. Table 2 were added to assay mixtures containing primer dependent S. mutans strain GS-5 dextransucrase and incubated for 60 min. Ordinate: ratio of new dextran synthesis with/without primer dextran. Abscissae: chemically determined degree of polymerization (DP). Unhydrolyzed dextran (25 qM) gave a 3.42-fold stimulation of activity.
Dextran stimulation of either unpurified or modestly purified dextransucrase from bacteria other than S. mutans (16) and S. sanguis (5, 19) has been known for some time (8, 9, 18, 24, 25) . The enzyme from Leuconostoc mesenteroides is most completely characterized (9, 18) . Exogenous dextran is thought to act as a primer (acceptor) and thus to become covalently bonded to newly synthesized dextran (4, 8) . In the presence of primer dextran, initial synthesis is rapid. When only sucrose is present, initial synthesis is very slow (4); sucrose must act as both glucosyl donor and acceptor. The apparent affinity of the S. mutans dextransucrase for dextran is about 1,000-fold higher than it is for sucrose. This follows from a comparison of the Km values for sucrose (3 mM [6] ) and dextran (estimated to be about 3 gM from Fig. 3 and unpublished data). It is apparent with the S. mutans enzyme that sucrose may act as a glucosyl acceptor in the absence of added dextran (Fig. 2c) . As evidenced from the long lag, however, sucrose is an inefficient acceptor and devoid of priming activity. Given enough time, the products of the reaction attain sufficient sizes to act as primers themselves (auto-priming). It has recently been shown that dextransucrase from S. mutans OMZ176 can utilize isomaltodextrins (DP 2-7) as glycosyl acceptors (26, 27) . In the experiment presented in Fig. 5 , we attempted to assess the relative priming ability of isomaltodextrins. In order to minimize opportunities for auto-priming by products derived from initially nonpriming glucosyl acceptors, we used a short incubation period (60 min). Stimulation of dextransucrase commenced with isomaltooctaose and reached the level exhibited by unhydrolyzed dextran (DP ca. 60) in the fractions with a DP of 23.
Dextrans produced by S. mutans are made up of a-(1 -6)-linked glucose molecules with a-(l 3) -linked branch points (10, 11, 13, 14) . Highlybranched dextran exhibits poor aqueous solubility and is usually present only after extended reaction periods (11; unpublished data bHydroxylapatite fraction used for electrophoresis. cEnzyme bands were localized by in situ radioassay of a test strip cut from the extreme edge of the gel. Proteins were visualized with Coomassie blue on a similar strip. Areas of the remainder of the slab gel which contained the major and minor enzyme activities were dissected from the rest of the gel and from each other. Strips containing each enzyme activity were macerated by passage through an 18-gauge needle. Enzyme was eluted from each macerated gel strip with 0.05 M Na acetate buffer, pH 5.5, for 48 h at consistently observed only two enzyme activity bands in polyacrylamide gels of either HA or IEF enzyme preparations (6), both of which are stimulated by dextran (Fig. 4) . Although linkage analyses of the product(s) of either enzyme has not been done (due to the lack of sufficient quantities of homogeneous major and minor enzyme), we suspect the two separated activities represent a a-(l -p 6) transferase and a a-(1 -i 3) branching enzyme. (In this context, branching activity is not meant to imply transfer of an oligosaccharide to an acceptor polysaccharide to create a branched product, but rather the transfer of a single sucrose-derived glucosyl residue to a predominantly a-(l _ 6) acceptor dextran to form a a-(1 _ 3) branch point one residue long.) If branching (al _ 3) and transferase (al -_ 6) activities reside in distinct enzymes, one might expect the branching enzyme to exhibit an absolute requirement for dextran as a substrate (acceptor). Transferase, on the other hand, could build linear dextrans by either adding on to primer (acceptor) dextran or acceptor sucrose. Since sufficient enzyme protein is present in the minor band of HA preparations (see Fig. 3 of ref. 6 ) to readily allow detection of dextran-independent transferase activity by in situ assay, and since enzyme activity is only observed in the minor band in the presence of primer dextran (Fig.  4) , it appears possible that the minor band contains an enzyme that can only synthesize (al 3) branch points.
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